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[ft Ml 1 1 

pl»^lr*, pS<7)f5itt^^tift*"'J^A (GaN) mib^WW/f (p 

mm) ^«it^^, if^^A^i^c^T, P sji km sis t^tL* 191*1 
2 ] 

pfflJpOSSil5*ROffS* t paJlOff$0 4 0 - 9 9. 9 %-C**St^l t-IBIR^M'fk 
[If M 3 ] 

pMJS<^ie£&07jt«jg#n x 1 0 1 8 c m - 3 jgjll, ^#Mfc*flE7&* 1 x 1 0 1 8 c 

m~ 3 ~ 1 X 1 0 2 1 cm" 3 1 Xtt 2 ^lB«Ofi>fb^ U 9 A^ifif 

[B»:fcE 4 ] 

[if t&s. 5 ] 

MM<0&ttfrb 1~10 nmcolEH-e^^W^l 1-4 1 ^KiBft^Sfttf V 

[Iff *lj> 6 ] 

p mm (Dmmuomm cGa 7c* a**f a Ltv>^;t^ #m t -t & m^m i~5©v>f 

[iff 7 ] 

^ i ®i:ga«o p mjs ^frMib^f v * ai»i^o 

8 ] 

(bp) -c$>z>mim7 izmmvmitw ^if#ifo 
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[^^i^g,] labium 

[0 0 0 1 ] 

*mmi±, mkVJt-V (LED) , V-if-*"^ K (LD) ^>p i nMSrjfeSt 
[ 0 0 0 2 ] 

«5£A lxGav InzN (O^X, Y, Z^K X + Y + Z= 1) #t?ftfB$tL2, 
M<fc#'J*A (GaN) ft^mfcttftte. «SS«*^»««i:fflSt5i*^ 
^-<7)lMfM#li<^> (band gap) *^1rZ>tztb^ $£$frfrb, 

> Ml. t V^liiH L E D ^ L D f « p n IMilWH^fi 1 it ^ i:f W $ 

[ 0 0 0 3 ] 

p nMift5!f'J ^ A^#2»#fl7fc^^«jt1-*^^W> pMfS^'ftOG aNfcL 
taLTM^iitv^o «x.(i\ G a NSKW * ^A^K-SK . ( 
Mg) *1E$& (Zn) ^O^imTO^^f^Di-^W^m^Pi^^tLTV^ (Mx.it 
#It»2#P.S) o 
[0 0 0 4] 

ofcttm-tZAMMtit— ftC4fe>4v> 0 £<£>MHfi> Mx.{£\ 

) o 

mft-XM 1 ] #^BS 5 5 - 3 8 3 4 
[#ra2] #MBH 5 1 - 7 1 5 9 0 
[#l^»3 ] #HB¥ 6 - 2 3 7 0 1 2 ^-<&$R 
[#fF3tK4 ] #WHS 53-20882 

mmmm LZot-tz mm] 

[0 0 0 5] 

7X«^l^*LT#7tjg:®JfL-t?pM^«Jl*flJMLX, Mx.it pngMLEDM 

Mx.it a* (s i) wm& (y'j3» , isnb&ss (s i o , jkrmitffwj* (g 

a As) ^m^tz^-^^k.^, &i?Li>&fcLX&.Utl$%:h%^<D-&mVtr*$>2> 0 
[0 0 0 6 ] 

l§llM«S/^J£<> S.o^«^iS^ffAL-C, ^BFf^^i&JE^B: (local 

breakdown) * ffi±1r2> & #Jt $ ti2> 0 L^L> £<D«&ffi«<£>;i£ 

flJfflLT, Mx.lt y ^me^f^-t^>7ti60n>^^ f (contact) mt 

LTflJJiU y ?mM*Wttf~C, Mx.it GaNlWLED^LD« 

j£LT4, JUI^I^mffi (Vf) ]£v>ttHMt«EE (Vth) ^KitipLT Li: i M«^** 

[0 0 0 7] 

*^Ki±> JiIS<75#^«OpSG a N^*#Jl^fflV^-C«i$tL/c, Mx.ifM'fk^ 
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ujf^f^^ #^«^<7)ii (sin ti±, «#co« 

[RS * & £ * <7>^|&] 

[0 0 0 8] 

^§kmi±±.U<VWM ikWlkt & tzib \z £ £ fifz $> <DX~&T<7)&m<omMfr bteZo 
(l) pl«i^^, p M<73f5S14^r^'f"tt / fb^ V ^ A (GaN) 

'(2) pMJi^m^^ff^^pMii<7))¥$69 4 0~ 9 9 . 9%-?&&±|E (l) fcBB 

(3) pMS<7)m^07j^«^l X 1 0 1 8 cm - 3 ^^t/ftJS^l X 1 0 
1 8 cm- 3 ~ 1 X 1 0 2 1 cm" 3 -C&£±f3 (1) 3U4 (2) H|B«C0ffl^*' 0 t> A 

[0 0 0 9] 

(4) mmm^7mmm^mmmm&Tx*&&ztzm%kt-t2>±m (D ~ (3) 

£/^pSJf <75icM#>^ 1 ~ 1 0 nm^fgHT^^iwa (1) ~ (4) <D^-f flfr 1 JfjCffi 

(6) plJfW^II^iffiCG aTC^WmLTV^i t ^#m^i-^-tlB (1) ~ 
( 5 ) cov^-f ^ 1 SCfSft^ift^V ^|«#|? 0 

(7) pMJfoMfK, III}M7nftvl«7ctt*^ ^Nb^f&lft&M^-MSJt 

(8) pMiS^SMt'^^tLrv^a^Tyv c A^fi-^Mk^Ji^^JlT-it^o 

nit*vm (bp) -e&*±iB (7) ^iBmoa^^v wifiWo 

[§§SjlO^] 
[0 0 10] 

muLtzvmG aN^#^$Jf £flJJ!LTG aN^#f«*f 1 1 L/^ 

C0T\ g^SIffifcUgftS h*^JII^f*]mJ±C0'f&V^lI^{J\ G a N^#2»#L E D ^ttt 
& i t ^t? § £ o 

I^^^ife1-^^i6^*^o^] 

[0 0 1 1 ] 

^BjOffl<t^V ^A^#*#*^-^pM^fS*14^^i-Mfb^V ^i, (GaN) Ifc^ 

j^^^^js (p^) ^«x.r43i9. -e-^pMsti^sf^^-tLj; *) i>ftu<omj&nfrb 
m t vmm& t ^witmrn^^mm^^tsmm^^x^ sit «-e* & » 

ff^M^S iCft^^o iiW'J^A (GaP) , GaAs. 

4fcMI& (ZnO) , GaN|^^V^:W5tl^„ pil*, ^ttfc (4^^ L 
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>fev^§ 0 B H «±^l*Iii-^^l^b-C(±, v-t-V ^^7°n-fe^ (Seeding Pro 
cess :SP) ft (mm 2003-24330 2 -^£$R) t Pf tffrL&t&^SE'&agfiSI-*- *± 
^ ^ ^> ^ ;V^ft^tT^M^^^JM "C § & o 
[0 0 12] 

#$&9!K::*Jtt&pSWM±pilG Fl^fc'plG aNl^y^ h-Ji&ifp 

pffiJBfcJKftS fr=Hk*- * * v * ;v (MB E) „ ^r«^JR<k^fl95Cffi^lt 

(MOCVD) , F^M5 (HVPE) ft *f<75*tiBjSft#g:*fUflI-*-S i b 

*<3-)VifV t> A, h'Jxfjv^f'J^A, MJ^fiM>y'W, HJ^f;vr^$-^A 
[0 0 13] 

p Ii©^ffiiftB|i:iJDt ^ P I^ill (Y-^yY) Ltli, Mg, M#& (Zn) 
, ^'J'J")A (Be) s yd^y^A (Ca) > Xfnyf^A (Sr) > (B a 

) , *K3*A (Cd) , S^TtCfil (Hg) f0iIIl7Gi^-C^„ JHR (C) 4$ 
(BfclVSSfcJRI-aWtt (amp h o t e r i c) 

7*^>f ^mSSrJ , OHO t&MM. 1995^3^30 Bm=f, SOJBu 1 1 3Ifi) , M 
[0 0 14] 

1 0 1 8 c m~ 3 m±"C\ 1 X 1 0 2 0 cm -3 &.TX-$> 2> 0 p2H*F*30M*BfcWL;fc5R 

«fc»^J± l x l o 1 8 JBLh, L < tt l x l o 1 8 ~ l x l o 2 0 -eab&o --t P I 

<Dfcm&*2zt>*\<*t 1 0 // ne*J2)LTt**4o pMJIOTOO 

p M>^M%S.y : >X*ir,T-omj^(i. — 2 >X4 * (SIMS) , *-V 

x. (Auger) m^Tfcft (AES) ^i"CS4o 
[0 0 15] 

pMJf omJ»£^t>£r#Wj» (^rff) tt. — JftWKIiO. 5 ^ m£JLT"C* 0 > Mt 

L<li, 0. 2//mSlT> It:llL<(^ 0. 1 ^ mlTT^o MffOTPlii 1 nm 

MS^SmSS (SEM) . llllflftl (TEM) ^08i§§?«£ *>ftl*L£o £<7>#&^ 

10 7-1 <DffiMX~$>& 0 
[0 0 16] 

(vf) ^bmmkie (vth) fe#x.e>*L**^ mj*^isv^c*6ii*^t± 

^^#^ftv^ 0 $tJgg&OJ¥£f±, plI©l??WLT, 4 0%ft±t"9 9. 9 
Off $ » iL<, #i:pIiOf$ U 7 0 %m±-e 9 9.9 % jsjlt^j&^M 

ffiu^o p msi*i<7> jejisb t iii^t#ii± p if-et t>i%\<*fcmwtme> 2/301 

S^ti l s 1 M S T?*0S0i- * o 
[0 0 17] 

p t m%m K /pflHtfttt^flc*^ LT V> £ Jfe if^rT O7XH fcJSfl^"? § * *2 
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[0 0 18] 

plS^iWtofc^trJBOJfraflli, fi* (N2 ) . 7;V3'> (Ar) , ^'J^A ( 

He) ^WMtt^fc** (Hz ) #*fctf>iI##ffllfcft^**tt"?£*o 7K*<^>#^ 

10 0 1 9] 

-cafe* 1 0 5 0°C^. fiS?9 5 Mt% -7k*Mt 5 % 6or£^-#ia^i*i^\ 

IftCC, i^4 0mtl2 0tm*Jo TJV^-'yA (Al) Sr^tr«^.tf, A 
1 x G a y N (0s£X, 1 , X + Y= 1) ^PilffitiJ: «J/>$v* (&v*) 

[0 0 2 0] 

(contact) mmtLxmm-r^m^ Tkmzm^z^&mmzmmKmi, 
x-mmm &&&& t l £ p mm *m v> * o $> & 0 

[0 0 2 1 ] 

ftf^fiiJfcii, «x.lfGaN©*#, GaiN07ntWl : 1 frb1?thX^2>Zt*?z 

io ^Mmmim^-r^immmii, pii©ii*e>*?i:ui nm^e> 1 o 

7c3ltiWIBL-CV>ac?jW4 LV*o ^SCisv^G a fc NWJBJftJfcOl* *U± G a N-ffc^ 

GaNfr6i«t4C*ft, ^*»fl9Jlft«**e»% 2TU *A (Ga) £ 
Eft b-t%> m K1* *Lfc MofiffitfCO pIGaN^fe {grifiift* & o 

[0 0 2 2] 

pSg(7)^Ji^^^*l^atIa^^fef ^ tL^pMoj&^s^Js : Sr^^^^'5i^ #flxJ^ m 
mm <om&$nM * tM-t & <> 

[0 0 2 3 ] 

*PB*iW(ipIl")iW- £ e> tett^MWsmm.J&<Vlrti?zm IffpSG a 
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mm, 2 0 0 4 - 0 6 0 5 8 5 ^- v : 5/ 

^^maf^^^^^^^^tfbtLSo tfz, MBE^&ffcflJJlLT, Ga£ 
M*i ^IWboo, p IlOtlC-f^f Of ii/; pIG aN3R**# 

[0 0 2 4] 

2>ftfflfcZ>ffi&*1ft J &-t& pIA 1 x G ay N (0^X, Y£ 1 , X + Y=l)Jico»f 
Mx.(f> #f^«^4>«OpMfMfcW (BP) m<b^%#*frJl^^$*T 
kH;b&v> 0 ^OfUGaN, Al GaNit'^lt^o IIlH7n3ST?& &13 

* (B) %m (P) fc*j-L£*&fc#tr, #4#^HbIJ3* (BP) ^6lirvK-^fi 
ffifitOpa**»*^F i at#^t?S4 0t?fifll'C**o -OB P^coJ?$i± 0. Ol^m 
~ 1 ^ mj&*£FS L^o 

[ 0 0 2 5] 
[0 0 2 6 ] 

am) 

« & «i m -r a * * u »#mjE#tt & [6] -t $ * a 0 

^ $ & ciotii^wi sjjiii o ± # o p &« co mm w> k m. »t £ 
raft & isMfr h & * in - v ^7c«ji a , mmm * m&mt s & £*-r & 0 

paic^it & # $ * t ta: ^ k**»fl& * aua j&» * * in - v 5^7c«/i a , m 

[§UfeM 

[0 0 2 7] 

(*Jfett 1 ) 

**«*«r^tr3Mia5«rlE*tfepaG a N^^B * ffiv^T G a N| E D *i 

J* ■* * W-fr !I \z L T^SHE O |*)# 4- JL#:|ft HifiKi- * o 
[0 0 2 8] 

^^-To Sfc, 0 2Ctt, mmfcl l«±i:Ift^#tt^LEDl 0 co^Mfl^H £^1" 

o 

[0 0 2 9] 

mmWikfc 1 1 £&1 0 1 <h L/c^y r^TcOcM ( (0 0 0 1) ^ H H H ffi) ±fc % 
JE^> 7 ^ K - y G a NS (SJ?= 2 ^ m) 102.lt (Si) F-7*nlGaNl ( 
mm=2 M m, *WTWkBt= 1 X 1 0 1 9 cm" 3 ) 1 0 3 , S i K- 7 n MA 1 o . 

0 7 G a o . 9 3 N^7 9 KS (JiJ9= 12. 5 nm, *ir'J 7lf = 1 X 1 0 1 8 cm 
~ 3 ) 10 4. 6/f COS i K--/G aNPtHS 0Sff = 14. 0 nm, ^rt'J7lK= 1 
X 1 0 1 8 c m~ 3 ) t 5/fOT> K-7'I no . 2 o G a o . so NC0#pJg (Jiff = 
2 . 5 nm) J^k^M^ flfcitOl&jteJg 10 5, Mg F-7°plA 1 o . o i G a o . 9 
s 7 7 KI (MW= 1 0 nm) 10 6, RZfM g K-7GaN3>^^ MS 0BJ¥ = 

1 0 0 n m) 10 7 Sr«» Lt«L/; 0 ilBOBWflHfr* 1 1 co#fltj£g 10 2-10 
7fi, -«^IEM0CVDfitiS$t/; o 

[0 0 3 0] 
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#frK Mg K--/G aN3>** 1 0 7 J±J£lT©¥JiI£$t •? J&SS *fco 

(1) MgK-^Alo, o 7 G a o . 9 8 N^??KH 0 6 ©J&fti&fiRT LfcflL 
j&fl&jRjSflart^EE** 2 X 1 0 4 (Pa) fc Ltz 0 

(2) PJ^f;v#'J^A ( (CHs ) 3 G a) try^=-T (N H 3 ) SrHCiR-fc U fcf 
X n^O^-^^^v^ A (bis- (C5H5) 2 Mg) £M g CD K- H° > ?M t L 
t, 1 0 5 0°CT'Mg K--/G aN«0*tflJ&K*H$&Lfco 

^tl^iiLtfttlT, Jiff* 8 0 nmtf^Mg F-/pIG a NJf 

o V/III ( = NHs / (CHs ) 3 G a) itm± 1 . 9 X 1 0 4 £ Lfco t*L 

K i IJ 10 7-1 SrJUMfc Lfco 

(4) F 'J tmsffV 'JAOMi^MtHfi:, T^^-TOtt^it^ 
V/IIIJfc** 9 x l 0 3 3 Os&Wlt'KDJiSSSrilKJRLr, Ga*ttf 

tt4#ft^ii6^j;«WG a Nif^*Jlf[5 1 0 7 - 2 LTJ&ft£^/io 

(5) F U ^ f-frirV -7 & £ b i s - (C5H5) zMgOjSSSlt^fi^M*^ 
U MgF-/pIGaNl©M^#lhL/:o 

[0 0 3 1 ] 

Mg F-ypIGaNJSl 0 7 ©jMU&SfcifcT £^?cft. ltt»^^ 2MR 1 0 1 OMr 

mm 1 0 2 ~ 1 0 7 t^ffl^ft^^fcjssasjprt-cMfflfififlii 1*105 o°c^<t 

95:5 a/:. 1 0 5 Ot^f-ifiCK.^ TOL-Cft^5 oic^itj^-e^L^o 
[0 0 3 2 ] 

*friP&, iSIIt^J: SStSflfcUfcl 1 &Jfct> BJU MgF-^GaN110 
7ft"e«5-r^^'>^ARa f ^c*Wltt ; f-«K*— IMSMMiL^o MgH 

^i±, 7 x 1 0 1 9 cm- 3 ommx^ mm^hm^iv^i^m-^mm^^ lx^± 

aHWCtt6Xl 0 1 9 cm" 3 3feO*ftT?^£L"CV^o -<^#x 

fco Mg F-7°G a Nil 1 0 7 <DWUB&<0&M\~l±G a5B3lf***fttJ Ltl3 ij ^ £tL£-g-£> 
■CfEJiflBKttG a N07G*.fctWl : 1 J: <9 G a < ft o X^?z a G aTcSt/^OT^ 

[0 0 3 3] 

iiffi^Mg K-ypMG aNJI 1 0 7 1 1 ^I^LED 1 0 

ULfzo 5fcf\ n 1 ^ - <7 ^ IS 1 0 8 ^ f St S f t Of t W =fc F 7 ^ x 7 f 

y^^iU -5-©|gJ«^IRD> S i K-^G aNl 1 0 3 ©*It»IB§*fco ^ffi£* 

(Ti) /7J^-7A (Al) tIiW44nIt-5 7 

6«f&JfflJ&fc-*-£Mg F-7°pIG aNilO 7 OjtMOBfr^UCiK 5&3fe»*»e>OlS** 
t7T^7Stl 0 l«^R#"*-*«tB«:SFfc-*fc, (P t) I/ny'7A (Rh) 

(Au) RSrMS^fcpS:*— 5 y 0 9 *5£jfcLrt:o Mg F-7*pIG 

a Nl 1 0 7 0OTt^i-^^Mf±fi^Mt L/Co 
[0 0 3 4] 

plS^nlOt-? y^mmi 0 8, 1 0 9 »«UA f77^7iSl 0 lO 
KM*. ^>f ^ > HS4 ^©fl&fifcttflj LTII U 10 1^3 5 0^/5^ 

ft, StJgt»3i#l 1 £it©rU 3 5 0 ^m^©iEM«©LED 1 O^fc^SIL^o 
2tfc, *> V F te^ 3 ^lil 0 8, 1 0 9 if Lt, ( f 

lip) lOf? -/fc Lfco Mt-tttSrU- F7 l/-A±Ctt Lfc&> i (Au) 
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[ 0 0 3 5] 

y V y -/M^v^ > b LfcL ED<0pIi3 it^nfijO^-- 5 -;^IH 0 8, 1 0 9 m 

{zmii\^mm^mLxm%mm^wmtm'\^mmLfz 0 i^i^ii^ 2 0 mA t ltz 
m<D)\mftmj£ (vf) t±3. ivt*o/;„ t77^7i«ion»)^2 

0mWt-*o/; 0 i c«£#14£^t L E D tt, j|g2r/f 0 lO 

i&Mi:M?^^a^i n n n ^lt < 15 1 0 0 0 Ol©LEDWr, lffco§kfc<» 

[0 0 3 6 ] 

<Dnmm*s3- v «tiWL/: 0 1 o o-H^tfrftort, 1000 v©^^ 

«JEepijn-e«feia$tL* LEDf 7 7°t4, lfflt?*ofc 0 »IrJ^JE (Vr) OTA 

[0 0 3 7] 

2 ) 

[0 0 3 8] 

@3t:, rfcHifcfll KIBBLED 2 0OSlfMm^:llI^^1"o HI 1X0^2 £»ZFL;fctf> 
[0 0 3 9] 

Mg K-7°pIGaNll 0 70^SM^^T§*/i^ etc, 3fcfc i o 1 obm 

■t&tzibKmmLx^tz, iitM®.mmm$:t-?^<DMm.z&]kLtz 0 z.nx^>, &m 

J&Jf 1 0 2 ~ 1 0 7 ^^ift§*/:MR[t^fl"C'tliM 1 1*10 5 0 o C^J% 

9 : 1 fcLfco 1 0 5 0 o C^P>8 5 OCtlS^, tt^ 1 2 0 °C<Mjg^P$ S. Lfc 0 
[0 0 4 0] 

MOCVD^SPiD, MgF-7"pIGaNI10 7^Ii:> T>K-^*<kfll* 

(bp) mi o^^ffi^s^^/co *^n*Jii i oi4, vv^^mm ( (C 2 H 5 

) 3 B) t**y4> (PHs) LTjfeRS-**:,, J&KB#OV/IIIJW ( 

= PHs / (C2H5) 3 BJfcJ£) tt, W (B) ^^fc-r^M^WiS 1 1 
-rziztb, 1 0 fc Lfco T> K-7°<7)j$HWI«S 1 1 0 tepMOfSSSrMU g©-CO* 
t'JT (IE?L) *JKI4 1 X 1 0 1 9 cm" 3 t\ 5 X 1 0 ~ 2 Q • c m(Dim&tfi 

jifc&ofeo Mimmmi 1 0 <7)^ft^^^iboTtLi4, ^toii^^Lto. 

5%eflET*ofe 0 M^iiW*ai^T> F-^IfWl 1 1 0O/iffte, 0. 
1 /; mt L/: 0 
[0 0 4 1 ] 

S IMS#*ffc*fcK.Hr, 7K*M^-(4, M g F-7°pIGaNil0 7«»?>S§ 1 
5 n m i "CI4 3 X 1 0 1 9 c m~ 3 i?15nmif) 6 X 1 0 1 9 c m 3 

«B&-^iWftLTV^; 0 -2?. MgJH^-ii, 0 7 tf>*M^ ?>«3:£ffllw"fr 

-^<7) 7 x 1 0 1 9 c m~ 3 (Dmm-eft&Lfzo w*>, ~rm 1 o 6 ios^#i*e>i* 

OiHindfrftfc 8 5 nmOlSCMSMg K-^pIG a NJS 1 0 7 OSSJgaBtett. Mg 
^Ol^^B-WiS^ftt^lSfiSLfiJjl^^^v^o Mg K-'/pIG a 
N1107 Wlt-lS ( I - V) #14^6^mK:«(7)«^{4^ 1 0 O • c m"C*S 

[0 0 4 2] 
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<z> p iaij*3 j: Tfnmo*- < ios, 109 m^m.^num^mLxm,^^R 

Mtt^fit/:. JOCfrftmSlEfc 2 0 m A fc L/^O (V f ) it 3. 0 V 

t& «9 , %mm loLEDfyyi o ± o 1M t & o * t77^ r*tR ion 

^«*fU*B12mWC*ofc. £©»4i|fttS:^tLEDIi, E@ 2 4 >^<Z)R^* 
#1 0 1 OIH&^M^?r^$tL^^m^^n a n ^l^<^ 1 0 0 0 0fl<7)LEDi:ov^, 

[0 0 4 3] 

oi'ov^T, « s R4»**«taft***&L/io Minis 
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